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iiiti Ouliu LiOii 
Basemetals are essential for the industrialization and 
growth of a country's economy. Rapid development of industry 
at all stages in the advancement of human society can bn 
attributed to an increase in the use and consumption of 
baspmetals. The principal basemotalH a m copper, load and 
zinc including some other metals of the non-ferrous group 
viz., nickel, antimony, arsenic, bismuth etc. 
Use of copper is known since the Bronze age (about 8000 
EC). The metal has become indispensable because of its high 
thermal and electrical conductivity, malleability, durability 
and the capacity to amalgamate with many metals to form 
alloys sucVi as bronze and brass. Copper ores aie found in 
the form of native copper, porphyry copper, massive copper 
deposits and as mixed ores. Porphyry copper deposits 
constitute l:ho greatest tonnage of the mot.nl. Mnssivn 
deposits have a higher metal content but lower tonnage. In 
mixed ore, copper occurs in association with lead and zinc. 
Lead was known in ancient Egypt during 6000-7000 DC. 
The softness, high specific gravity, alloying properties and 
(1) 
resistance to corrosion render the metal usable in modern 
Indupitry. TiOind oron a m found in tlin form of Hulfidnn, 
oxides and carbonates. Galena (PbS), a primary ore mineral, 
yields about 85% lead. It is usually mixed with other 
sulfides viz., sphalerite, sulfides of iron and chaJcopyritc. 
Cerussite (PbCOa) and anglesite (PbOa) contain 78% and 68% of 
lead respectively. Lead ores commonly constitute an 
important source of silver and bismuth. 
Zinc is largely used for galvanizing of metallic 
articles for protection against atmospheric corrosion and for 
production of alloys like brass and bronze. In ancient times 
oxidized zinc was used in the smelting of copper. It is also 
used in the manufacture of rubber, glass, paints, textiles, 
synthetic fabric, paper, ink etc. Zinc chloride is used as 
an electrolyte in dry battery cells, in refining oil and as a 
solid flux. Zinc sulfate is used in the manufacture of 
rayon, fertilizer, dyes, fungicides and soap. Sphalerite 
(ZnS) and smithsonite (ZnCOa) contain about 67% and 52% of 
zinc respectively. Lead and zinc ores occur together with 
other minerals like sulfides of iron, marcasite and 
chalcopyrite, forming polyraetallic baseraetal sulfide 
deposits. 
With a steady growth of industrialization, there has 
been a progressive increase in the demand for basemetals in 
(2) 
the country during the BucceaBive Five-Year plana. Only a 
small fraction of the demand can be met by indigenous 
production, and we are compelled to spend heavily on imports 
of these metals. Search and exploration for mineral deposits 
in the country began only after independence and gained 
momentum during the late fifties. In order to gear up 
intensive search and exploration of non-ferrous metals in the 
country, the Government of India decided as early as 1959 to 
set up a special section -- the "Base Metal Unit" in the 
Geological Survey of India. During the last two decades, 
exploration has been carried out vigorously in the peninsular 
part of the country. 
Except perhaps for the states of Punjab, Tripura, 
Mizoram and Kerala, all other states in the country have 
noticeable deposits of copper-lead-zinc. Most of the known 
deposits are located in the Peninsular Shield, particularly 
in the Precambrian formations. The most important 
economically viable'baeemetal deposits in the country are 
located in Rajasthan, Bihar, Madhya Pradesh, Gujarat, Andhra 
Pradesh, Karnataka, Uttar Pradesh, Orissa, Tamil Nadu and 
Maharashtra. Under various stages of exploration, 
development and mining are the sizeable deposits of copper at 
Khetri and Kho-Dariba in Rajasthan, along the Singhbhura Belt 
of Bihar, at Chitradurga and Kalyadi in Karnataka, and the. 
large deposits at Malanjkhand in Madhya Pradesh; lead-zinc 
(3) 
deposits at Dariba-Rajpura, Rampura-Agucha and Zawar in 
Rajasthan and Arobamata zone in Gujarat; and lead-copper 
deposits at Bandal laniottu in Andhra Pradesh. 
Although a large number of minor basemetal deposits have 
been reported in the Himalaya, most of these are apparently 
of little or no economic consequence. Copper mineralization 
is found in the Kangra district of Punjab, Lashteal area of 
Bararaulla district and Banihal area of Doda district, 
Kashmir. Lead and zinc occurrences are reported from Boniyar 
area, Baramulla district and Chiche area, Doda district. 
Occurrences of possible economic importance are also located 
in Himachal Pradesh, Sikkim and Bhutan. In the Lesser 
Himalaya of Kumaun various old workings are located at 
Askote, Rain-Agar, Bora-Agar, Patti, Dewal Thai, Dhanpur, 
Pokhari, Galpakot and Bageshwar. Basemetal mineralization in 
the Kumaun Himalaya is mainly confined to dolomites and 
quartzites of the Garhwal Group of Permo-Triassic age and the 
Almora-Dudhatoli Crystallines of Precambrian age. Some minor 
occurrences of basemetal are also found in the meta-volcanics 
between the Garhwal Group and the Almora-Dudhatoli 
Crystallines. So far there is only one small producing mine 
in the entire Himalaya, located at Bhotang near Rangpo in 
Sikkim. However, the relationship of post-Eocene endogenetlc 
metallogenic provinces and major lithospheric plates, as has 
<4) 
been established by Guild (1972), is a significant 
observation. It is suggested that major consuming plate 
margins all over the world are also areas of potential post-
Eocene mineralization. The only exception to this 
generalization appears to be the Himalayan sector of the 
Alpine-Himalayan orogen. It can reasonably be argued that 
the apparent absence of sizeable mineralization in the 
Himalayan sector should be attributed to a lack of systematic 
and detailed exploration of the Himalaya which has not bnon 
undertaken with the seriouaneaa that it deservpH, due to an 
inadequate understanding of stratigraphy, geochronology and 
tectonic setup. 
Exploration in the Himalaya is fraught with great 
difficulties. Inhospitable terrain, high altitude, vigorous 
climate and inaccessibility of, most regions forestall 
systematic ground surveys. Thick sedimentary and 
metasedimentary sequences lying in thrust slices dislocated 
by steeply dipping faults prevent prospecting over extensive 
tracts. The possible fragmentation of formerly large 
orebodies due to shearing, as is perhaps the case with the 
orebody at Askote, results in the prospector ' running up 
against a blank wall. Airborne geophysical surveys and 
photogeological interpretation are virtually impossible in 
densely forested areas. 
(5) 
Nevertheless, in the Kumaun Elimalaya, some regional 
integrated surveys have lately been carried out,, which have 
aided the identification of interesting structural patterns 
and favourable host rocks by a study of aerial photographs 
and ERTS imagery of the area covering the Garhwal Group of 
rocks. There is still an imperative need for preparation of 
large scale maps by photogeologiats and follow-up 
reconnaiaeance surveys by exploration gooloyiHtH to delineate 
potential areas of mineralization. Geophysical 
investigation, geochemical surveys of stream sediments and 
hydrogeocheraical studies, as also geobotanical surveys may 
prove to be very useful in locating basemetal deposits in the 
Himalaya. 
The Askote area (29°45'10" : 80°19'40") is situated in 
the Lesser Himalayan region of Kumaun, about 53 km north of 
Pithoragarh at the Indo-Nepal border. The area has rugged 
topography as can be seen almost anywhere in the Himalaya. 
The altitude ranges between 1100 to 1600 m above msl. An 
all-weather road connects Askote with Tanakpur, the nearest 
railhead. Tanakpur is linked to the other major cities of 
India by broad gauge railways. 
The sulfide orebody at Barigaon near Askote (Farooq, 
1985), initially prospected by the Geological Survey of 
India, appeared to be of no immediate economic significance 
(6) 
because of its small size and difficult terrain. The Mineral 
Exploration Corporation of India opened the lode by three 
adits penetrating the orebody from the hanging wall side, but 
could not prove any great extension of the lode. However, 
the Directorate of Geology and Mining of the State of Uttar 
Pradesh established a 400 m extent of the orebody along the 
strike with proved reserves of over 1.0 million tonnes of ore 
with a 10% + metal content. It may me noted that the 
schistose rocks, which are host to sulfide mineralization at 
Barigaon progressively grade into granitic gneisses towards 
> 
the core of the Askote aynform. Investigation by Pant fx 
Farooq (1984) have revealed that sulfide mineralisation 
extends to the granitic gneisses also. Polymetallic sulfide 
mineralization in gneissose rocks along the Gurji Gad attains 
significance by virtue of its nearness to the known 
occurrence of a sulfide load at Darigaon. Evidences of 
mineralization are traceable over a strike length of 700 m 
(Pant and Farooq, 1904). The area has been taken up for 
detailed investigation of basemetal sulfide occurrences 
along the Gurji Gad and the genetic relat.ion between thin 
mineralized zone and the one occurring in the schistose rocks 
at Barigaon. 
The host rocks include coarse to very coarse grained 
biotite bearing augen gneisses underlain by sericite-
chlorite-quartz schista. They exhibit polymel.nmorph iHrn 
(7) 
dynamic and retrograde metamorphiam being superimposed upon 
progressive regional metamorphism. The mineralization is 
indicated to be of hydrothermal origin. Noticeable wallrock 
alteration is produced by hydrothermal fluids. 
(8) 
Regional Geologi] and 
Tectonic Setup 
The Himalaya constitute a major arcuate E-W trending 
mountain system. Topographically the highest and in age the 
youngest, they have precise geographical boundaries, 
extending for 2500 km from Nanga Parbat (8125 m) in Kashmir 
in the west to Narocha Barwa (7756 m) in Assam in the east. 
The width varies from 225 to 400 km, limited in the north by 
the upper course of Indus and Brahmputra Rivers, and in the 
south by a narrow fringe of the Siwalik Hills. Along the 
eastern and western extremities, the belt ends up in deformed 
zones of complex strike slip movements and ophiolite 
emplacement -- the Himalayan syntaxes. 
The Himalayan orogenic belt exhibits a south directed 
tectonic transportation of rocks upon the northern fringe of 
the Indian shield. It shows evidence of several subduction 
zones and island arcs that have coalesced, representing a 
very complex structure. This complexity of structure accrues 
from the juxtaposition of two formerly separate continental 
margins that have been brought together due to the collision 
of two continental masses -- the Indian plate and the Tibetan 
block. 
(q) 
In tectonic parlance, the Indus Suture, which is a deep 
fault lying on the northern aide of the Himalaya, marks the 
northern boundary of the Indian plafre. Ah itpi woBtorn 
extremity this suture terminates against the western syntaxis 
coinciding with the large scale Quetta-Chaman strike-slip 
fault which continues southwards into the Owen-Murray 
Fracture zone. In the east, the plate boundary runs 
southwards along the eastern syntaxis marked by a large 
dextral strike-slip fault that connects with the Indonesian 
subduction zone, and ultimately with the large transform 
fault in the Indian Ocean -- the Ninety-East Fractvire. The 
Himalayan syntaxes are aligned with the oceanic transform 
faults, implying that the uprise of the Himalaya is related 
with the northward movement and counter clock-wise rotation 
of the Indian shield. The Indian plate may therefore bo 
regarded as a two pronged wedge that has driven northwards 
into the Tibetan plate between these two large scale 
transform faults (Fig. 1). 
Prior to continent-continent collision, the intervening 
oceanic lithosphere of the 'Tethys Ocean' subducted beneath 
the Tibetan block. Deformed remnants of this are preserved 
along and immediately to the south of Indus Suture in the 
form of ophiolites. It is estimated that initial collision 
of the leading edge of Indian plate took place during the 
(10) 
Figure-! 
Map showing principal compres&ional fold belts ( wavy lines), thrusts (tooth-edged lines), 
extensional graben or rifts (lines with tick on downward side) and strike-slip faults 
(lines with arrows indicating sinistral or dextral motion), Arrows indicate compressional 
or extensional fault-plane. (After Molnar and Tapponnier 1975). 
Eocnuo. (45 rny t:o bo preciffe), aft.or which t.lic rnovoincnl: 
continued for a further 1500 km. This movement was 
accommodated in crustal shortening in the Eurasian plate 
which is exhibited by the Trans-Flimalayan compressional 
folds, thrust belts, strike-slip faults and extensional rift 
systems, giving rise to broad zones of deformation extending 
up to 3000 km north of the suture. 
By far, the most spectacular effects of collision and 
compression manifest themselveB in the Himalayan sector, 
southwards of the Indus Suture, in the form of intrn-
continental thrusts and fold belts. Crustal shortening in 
the Himalaya, estimated at between 300 to 700 km (Coward and 
nutlor, 1905), has been achieved by overlapping of thick 
crustal slices of Precarabrian basement belonging to the 
Indian plate. As the northward movement of the Indian plate 
continued after collision, the intra-continental compression 
was not able to move the thickened, metamorphosed and 
granitized Indus Suture any further. A new line of weakness 
within the colliding plate -- the Main Central Thrust (MCT), 
about 130 km south of the Indus Suture, took the relay in 
accommodating compression. Whether this thrust came into 
existence at the time, and due to compression, or it was 
already present as a deep fracture is anybody's speculation. 
Orogenesis now progressed indirectly by underthrusting of the 
Indian plate along this intra-continental thrust. This was 
(11) 
accompanied, at shallow levels, by the southward 
overthrusting of detached portions of frontal material over 
the Indian plate giving rise to an imbricate thrust stack 
which provides a convincing explanation for the inverted 
metamorphism encountered all along the Himalaya. This manner 
of intra-continental thrusting is also borne out by the fact 
that the crustal thickness beneath the Himalaya is twice the 
normal (Qureshy, 1971). An underthrusting rate of 5 cm/yr 
along the MCT has been estimated for a time Hpan of 10 my 
(Fort, 1975). 
Various factors viz., buoyancy constraints, physical 
behaviour of the underthrusting slab, and abnormal structures 
of the upper mantle near the former suture zone, probably 
limit the possible length of underthrusting along any 
fracture. This explains the relay in time of the MCT by 
another lying south of it -- the Main Boundary Thrust (MBT) 
which is the youngest of all major thrusts in the Himalaya. 
The MDT is playing presently the ro]o played by tlio MCT 
earlier. Contemporary movements along the MBT are estimated 
at 0.92 cm/yr. 
Inspired by the intelligibility of this mechanism, it 
has been variously suggested that in a few million years a 
new intra-continental thrust is probably going to appear 
further south of the MBT (Fort, 1975). Valdiya (1984) has 
(12) 
described the existence of a mega-fracture aoutli of the MDT 
-- the Himalayan Frontal Fault (HFF), separating the Siwalik 
belt of molasaic sedimenta from the plains to the pio\ith. 
According to Ganaser (1964), the Himalaya may be 
subdivided into the following five geographical divisions 
from weat to east: 
1. Punjab Himalaya: 550 km long, including Kashmir Himalaya, 
bordered in the west by the Indus River and in the east 
by the Sutlej River. 
2. Kuraaun Himalaya: 320 km long, including Garhwal Himalaya, 
from Sutlej eastwards to Kali River on the western 
boundary of Nepal. 
3. Nepal Himalaya: QUO km long, from Kali Hiver In tlie wesL 
to Tista River in the east. 
4. Sikkim and Bhutan Himalaya: 400 km long, from Tista River 
in the west to the border of the Assam Himalaya in the 
east. 
5. Assam Himalaya or North East Frontier Agency (NEFA): 
400 km long, lying entirely within the Indian state of 
Assam and Tibet, from the eastern border of Bhutan to the 
gorge of the Brahmputra River including the Mishmi Hills 
in the east. 
(13) 
Each section of Ilimaiaya is aubdivided into four 
longitudinal subdivisions from south to north as follows: 
1. Sub or Outer Himalaya: Forming the foot hill zone, 
delimited in the south by the Indo-Gangetic plane and in 
the north by a tectonic feature -- the Main Boundary 
Thrust. 
2. Lesser or Lower Himalaya: The southern limit of lesser 
Himalaya is marked by the Main Boundary Thrust, whereas 
the northern boundary is clearly outlined by a major 
tectonic feature — the Main Central Thrust. 
3. Great or Higher or Central Himalaya: Comprising granites 
and high grade metamorphics constituting the Central 
Axial Crystallines Zone lying between the Main Central 
Thrust in the south and the fossiliferous zone of the 
Tethya Himalaya in the north. 
4. Tethys or Tibetan Himalaya: Comprising the highly 
fossiliferous sedimentary sequence, delimited in the 
south by the Central Axial Crystalline Zone and in the 
north by the Indus-Tsangpo Suture. 
(14) 
The Lesser Himcilciya 
of Kuinaun 
Constituting a thrust bound sector delimited by the Main 
Boundary Fault and the Main Central Thrust, the Loaaer Kumaun 
Himalaya, lying between the Sutlej in the west and Kali River 
in the east, includes a 320 km stretch of mountainous 
terrain. Much pioneer work was done at the turn of the 
contury (Griesbach, 1091; Haydon, 1907 ) followed by moro 
detailed investigations in the third and fourth decades. 
Excellent investigations have been made in Lesser Kumaun 
Himalaya by Auden (1934, 1937), Heim and Gansser (1939), 
Wadia (1932) and West (1939). 
The almost complete absence of foaslls in Lesser 
Himalaya of Kumaun compels one to base correlation on 
stratigraphy alone, leaving many structural and 
stratigraphic problems unsolved. This subjects certain 
tectonic interpretations to a considerable degree of doubt. 
Two major elongate belts of sedimentary / metasedimentary 
rocks, separated by the Almora-Dudhatoli Crystalline mass 
trending WNW-ESE can be identified in the Lesser Himalaya. 
The Outer Sedimentary Belt to the south of the Crystalline 
mass is the Krol Belt while the Deoban-Tejam Zone (Gansser, 
(15) 
1964) or the Jaunsar-Berinag Nappe (Valdiya, 1970) 
constitutes the Inner Sedimentary Belt lying north of the 
Crystallines. This Inner Belt, over which the Askote 
Crystallines lie, extends from the Garhwal region in the west 
to beyond the Kali River marking the eastern boundary of 
Kuroaun Himalaya. 
THE OUTER SEDIMENTARY BELT 
Demarcated by the Main Boundary Thrust (- Krol Thrust) 
in the south and the Ramgarh Thrust in the north, and often 
referred to as the Krol Belt of Garhwal-Simla Himalaya, the 
synclinally disposed Outer Sedimentary Bolt or Nainital Belt 
constitutes a relatively less thick pile of sediments than 
the Inner one. The Outer Sedimentary Belt rests conformably 
over the Inner Sedimentary Belt and includes the Nagthat, 
Blaini, Infra-Krol and Krol Formations that have undergone 
polyphase deformation (Kumar, 1990). 
The Nagthat Formation of Jaunsar Group (Valdiya, 1980) 
forming the base of the Outer Sedimentary Belt appears to 
correlate with the Berinag Formation of the Inner Sedimentary 
Belt (Valdiya, 1978). It consists of conglomerates and 
pebbly proto-quartzites, shales, slates and intruded basic 
rocks. 
(16 
The Blaini Formation unconformably overlies the Nagthat 
Formation (Devendrapal, 1979), but Valdiya (1980) aviggesta 
that there is no unconfirmity between the Blaini and Nagt:hat 
Formations. It includes two typical rock types, one is the 
Blaini Boulder Bed and the other the 'Shell LimcHtone'. On 
the basis of significant fossil discoveries, these two belts 
are assigned a Precambrian age (Singh, 1976, 1979a, 1979b, 
1981; Dhaundiyal and Moitra, 1987; Joshi et al, 1988). 
The Infra-Krol Formation conformably overlying the 
Blaini Formation consists of grey to black shales / slates 
and blue-grey limestone. The Krol Formation, which 
conformably overlies the Infra-Krol and Blaini Formations has 
been divided into three sub units viz., the Lower, Middle and 
Upper Krols. The Lower Krols consists of greenish grey 
calcareous shales and slaty limestones with thin red and dark 
grey ferrugenous shales. The fossil bearing horizon 
belonging to the upper part of Krol Formation is exposed on 
the southern limb of the Nainital ayncline. The Middle Krol 
members have purple and greenish shale and silty 
intercalations. The Upper Krols include bedded dolomitic 
limestone / siliceous limestone with bands of quartzite and 
Hiltstone. The foHsilH are recorded in thinly bedded greyish 
black shales interbedded with ferrugenous and calcareous 
siltstone below the top of the Upper Krol Formation. The 
observation of Ediacaran fossils from Upper Krol Formation 
(17) 
render it assignable to Precambrian age (Mathur and Shankar, 
1989) . 
THE INNER SEDIMENTARY BELT 
The oldest rock unit of this belt is the Hatsila 
Formation (Misra and Bhattacharya, 1972, 1973), consisting of 
slate, siltstone, sub-greywacke, protoquartzite, phyllite and 
thinly bedded limestone / dolomite. 
Overlying the Hatsila Formation the rock unit is termed 
the Kapkot Formation (Misra and Bhattacharya, 1972, 1973). 
Apparently it is the same as the main calcareous unit of the 
Calc Zone of Pithoragarh (Misra and Valdiya, 1962;" Misra and 
Banerjee, 1978), the Kota-Banali of Saklani (1971, 1978) and 
the Doya Dolomite (Misra and Bhattcharya, 1972) of Pugar 
Valley and Jhatkwali Formation (Mehdi efc al, 1972) of Sarju 
Valley in Almora district, and the Pithoragarh Formation. 
The Formation consist of stromatolite bearing dolomitic 
limestone with magnesite, talc, chert, pebble beds, some 
slate and calcareous Hlabo. On tho baniH of diMoovru-y of 
stromatolite (Kumar and Tiwari, 1977, 1978; Kumar, 1978; 
Bhattacharya, 1976a) a Middle Riphean age han been assigned 
to the rocks of this formation. 
(18 
Overlying the Kapkot Formation, the Saling Formation 
(Bhattachrya, 1980) is directly correlatable with the 
Kanalichina Formation (Mehdi et al, 1972) of Pithoragarh 
district and Balaghat Formation (Raina and Dungrakoti, 1975) 
of the Bhimtal-Dhowali area in the Nainital district. Thc> 
rock types include grey, green and black slate and phyllite 
with subordinate calcareous interbeds. 
ThQ topmoHt horizon of tho Tnnnr Snd i mfrita ly Unit in thn 
Berinag Formation which is seen surrounding the Crystalline 
masses of Almora, Askote, Baijnath and Karimpur units. The 
lithology comprises fine to coarse grained quartzite, often 
aericitic and achistoHe, with pebble beds, interbedded with 
chlorite schists and metabasics. 
The contact of the Berinag Quartzites with the 
Crystalline units has been considered to be a tectonic one by 
many workers (Valdiya, 1962, 1964, 1969, 1973; Misra and 
Kumar, 1968; Miara and Bhattcharya, 1972; Saklani, 1971, 
1972; Dhattacharya, 1976b). However, other workern (!leim and 
Gansser, 1939; Gansser, 1964; Mehdi et al, 1972; Banerjee and 
Bisaria, 1975; Kumar and Tiwari, 1977; Bhattacharya, 1980) 
put forward the view that the Berinag-Baijnath Crystalline 
contact is normal and sometimes even gradational. Some 
workers (Banerjee and Bisaria, 1975; Bhattacharya, 1980) 
consider that the contacts of all Crystalline units of the 
(19) 
I/eaaer Himalaya with the underlying Rcdiinontari OB art^  normal 
and that these constitute autochthonous units that have not 
been transported from the Central Axial Crystalline Zone. 
Retrogressive metamorphism in the form of cataclasia, 
mylonitization, chloritization of garnet and biotite near the 
contact zone, and the restriction of metamorphosed basic 
sills (amphibolite and chlorite schists) within the Berinag 
Quartzitea are however, indications of a tectonic plane 
separating the two groups, which is referred to as the Aakote 
Thrust (Farooq, 1985). 
THE ASKOTE CRYSTALLINES 
The Askote Crystallines (= Didihat Crystallines, Kumar 
et al, 1976) consisting of low to high grade metamorphic 
rucks, occur aa nn aHymmetrical Byncline wil.li a flat LhruHt 
to the south and a steep to vertical (locally overturned) 
northern border (Gansser, 1964). They are surrounded and 
underlain by the younger Berinag Formation of the Inner 
Sedimentary Belt of the Garhwal Group. The Berinag 
Formation, consisting of quartzites and sericite-quartz 
schists, interbedded with chlorite schiats and amphibolites, 
has been compared with the Nagthat and Jaunaar Series of 
Garhwal and Punjab Himalaya (Valdiya, 1965). 
(20) 
whole rock dating by Rb-Sr method of tho granitic 
gneisaea from Aakoto area yields an age of 179!) > 30 my 
(Trivedi et al, 1984). This age permits correlation of 
Askote Crystallines with the Central Crystal lines within the 
limits of experimental error, and hence supports the view 
that the Central Crystallines form the root zone of the 
Crystalline thrust sheets of the Lesser Kumaun Himalaya. 
On a regional ba«iB, the Askote Crystallines constitute 
an overturned sequence folded into a large synform together 
with the surrounding sedimentaries. The rocks of Askote 
Crystallines, along with those of the Garhwal Group, are 
disposed in the form of a WNW-ESE trending, asymmetrical, 
doubly plunging ayncline with a steeply dipping northern 
limb. The thrust contact is marked by the presence of 
amphibolites and thoroughly sheared quartzites of the Derinag 
Formation. The structure shows a regional f;luHure towards 
south-east and north-west. 
Along the contact of the Crystallines the Berinag 
Quartzites are highly sericitic. Diorite sills, more or less 
altered to amphibolite, are generally interbedded with the 
quartzites near the Crystalline quartzite cont;act. Riddled 
with secondary silica veins, the occurrence of amphibolite is 
of much significance and may possibly be related to the 
thrusting events of the Crystalline mass. The occurrence of 
(21) 
huge lenaea of quartzite within the lower moat horizon of the 
Crystal linea aa also in the ainphibolite, are conspicuous. 
The southward tectonic transgression of the Central 
Crystalline thrust sheet may thus be reBponsible for the 
supra-sedimentary deposition of Askote Crystallines. (Heira 
and Ganaaer, 1939; Gansser, 1964; Valdiya, 1970), which may 
be described as a recumbent nappe, only the inverted limb of 
which ia now exposed. 
STRUCTURE 
Structural studies carried out by Farooq (1905) around 
the Askote area reveal a variety of planar, linear and fold 
structures developed on macroscopic scale in the Crystalline 
rocks suggesting that the area has undergone a complex 
Btrvictural history. The planar and linear structuroH are 
superimposed upon each other being best developed in 
schietose rocks. In granitic gneisses, due to their brittle 
deformation, the structures are not clearly observed. 
The rocks of Askote Crystallines exhibit a number of 
well developed fissility planes. The development of bedding 
cleavage (So) was due to primary deformation of the pelitic 
sediments which constitute the source material that underwent 
metamorphism to form the Crystallines. This bedding cleavage 
is poorly developed, having been largely obliterated by later 
(22) 
planar structures. 
Early erogenic movements folded the rocks into various 
folds (Fi) trending in a NW-SE direction. Numerous largo 
scale and recumbent folds representing this orogenic phase 
are preserved in the schistose rocks (Pi 1, fig D- The 
schistosity (Si) represents the axial plane cleavage of these 
foldB and is well develor'od, pa rt. i fu 1 a r 1 y in t lu- nchinLfJHn 
rocks. 
With the persistence of orogenic movements in the form 
of a compressive stress regime, the southward thrusting of 
the Crystallines over the younger Sedimentaries was brought 
about. As a result of thrusting drag folds (Fa) trending NW-
SE were developed and are best seen in the low grade 
sericite-chlorite schists (Pi 1, fig 2) near the thrust 
contact. A strong shear cleavage Sa, represented by the 
axial plane cleavage of the Fa folds is superimposed upon the 
Si cleavage of the schistose rocks in the vicinity of the 
thrust. 
The Askote Crystallines were later folded into a broad, 
aBymraetric aynoline trending WNW-EBE, with a v«rt.lurtlly 
dipping to locally overturned northern limb. During this 
folding the rocks developed open folds (F^) of mesoscopic 
scale trending WNW-ESE. The F3 folds are superimposed upon 
(23) 
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PLATE 1 
EXPLANATION OF FIGURES 
Fig 1. Photograph showing large scale recumbent folds (Fl) 
trending in NW-SE direction, developed in chlorite-
sericite schists. 
Fig 2. Drag folds (F2) developed in low grade sericite-
chlorite schists trending in a NW-SE direction. 
Fig 3. Photograph showing course to very course augon 
structure in the high grade gneisses. 
Fig 4. Parallel to sub parallel flakes of biotite and 
muscovite wrapped around feldspar grains defining 
gneissosity. (75X). 
Fig 5. Vein perthite showing lamellae of plagioclase in k-
feldspar constituting the metasome. The lamellae are 
parallel to the direction (100) of k-feldspar. (+Nic, 
75X) . 
Fig 6. Patch perthite showing irregular boundaries of 
exsolved plagioclase in k-feldspar. Plagioclase is 
seen replaced by secondary minerals. (+Ni'c, 75X). 
Fx folds. Development of Bchiatoslty (S3) is represented by 
the axial plane cleavage of these folda (F,). 
Subsequent deformation folded the synclinal axis gently 
on a NNE-SSW axis giving the WNW-ESE trending aynform a 
double plunge, and perhaps a twist that resulted in a 
shearing of the schistose rocks along planes trending NNE-SSW 
and dipping steeply towards east. This last deformation of 
the pre-existing planar features produced a strong shear 
cleavage (S4.) which is restricted to the shear zones, and is 
superimposed on all other structural features. 
TECTONIC EVOLUTION 
Structural studies reveals that various planar and 
linear structures are related to a series of complex 
deformational and metamorphic epiRodes. 
The primary deformation of the pelitic sediments now 
represented by the metamorphosed rocks of Askote Crystallines 
was the development of bedding cleavage (So), due to the 
weight of overlying sediments. 
With tlui beginning of orogenesiH the enl i r^* Mnqu^Mico WAH 
subjected to compression which resulted in the folding of 
rocks into various isoclinal and recumbent folds (Fj.) 
trending NW-SE, and the development of schistosity (Sa.) being 
(24) 
represented by the axial plane cleavage of theao foldR. This 
ovont perhaps marks the onset of mntarnorphi sm. 
With continued deformation, the isoclinal folding 
culminated into a major dislocation along which the 
Crystallines were thrusted over the younger Sedimentaries. 
During this thrusting a shear cleavage (Sa) and drag folds 
(Fa) trending in NW-SE direction were developed. The 
compression and thrusting was accompanied by intense prograde 
metamorphism in the core regions of large scale folds and 
retrograde metamorphism along the thrust contact of these 
folds (= nappes) with the underlying Sedimentaries. 
The Aslcote Crystallines were subsequently subjected to 
prolonged aub-aerial erosion and later, along with the 
underlying Sedimentaries, to compressive movements acting in 
a NNE-SSW direction resulting in their folding into a broad, 
asymmetric syncline trending in a WNW-ESE direction. The 
major folds (F3) and foliation (S3) forming the axial plane 
cleavage of these folds can be assigned to tliis tectonic 
stage. 
Deformation of the Crystallines in a WNW-ESE direction 
produced a gentle folding of the synformal axis giving it a 
double plunge. The partial twisting of the earlier fold axis 
(Fi) trending NW-SE and F3 fold axis trending WNW-EHF, 
resulted in the development of widely spaced shear planes 
(25) 
trending in a NNE-SSW direction with ateep soiitheaaterly 
dips. The minor folds such as drag folds (F^) and shear 
cleavage (S4) trending in NNE-SSW are related to this 
shearing. 
Emplacement of a sulfide orebody at Barigaon along the 
major fold axis (F3) and its dislocation due to subsequent 
Rhnnring along hhp NNR-8RW trending piho.Tr znnnn (Fnrnnq, 
1985) suggests that the hydrothermal activity followed the F3 
folding and was in turn Rucceeded by the shearing assoc i.atod 
with drag folds (F^). 
(26: 
Petrography of the 
Mineralized Horizon 
The host rockH of the Hulfido zonr> of n.iricjrion nonr 
Askote constitute the low grade aericite-chlorite achiata 
occurring at the baae of the Aakote Cryatal1inea, grading 
upward to medium grained muacovite-biotite achiata, granitic 
gneiaaes and migmatitea. The rocka of Aakote Cryatallinea 
range in grade from lowest green-schist to the amphibolite 
facies of metamorphiam. The rock assemblage and metamorphic 
effects are indicative of inverted metamorphiam of the Aakote 
Crystallines, where low grade metamorphic rocka occur at the 
base, while higher grade assemblages lie higher up the 
sequence (Fig 2). 
Petrography of the host rocka to aulfide mineralization 
at Barigaon viz., the low grade achiata, has boon described 
in detail by Farooq (1985). The present effort is a rather 
detailed atudy of the gneissoae rocks and is based on field 
observations and examination of thin aectiona. 
Petrographic atudiea reveal that the Crystallines have 
gradually transformed from low grade schist to high grade 
gneisses with increase in metamorphic grade, which is usually 
(27) 
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accompanied by an increase in alkali feldspar and sodium 
content of plagioclase and decrease in muscovite, biotite and 
quartz and also with an increase in size of quartz and 
feldspar grains. Transition from low Lo high grade 
metamorphic assemblage and pelitic to granitic composition is 
gradational. It appears that the rocks have undergone 
progressive granitization with an increase in the metamorphic 
grade. 
PETROGRAPHY OF THE SCHISTS 
Near their contact with the underlying sedimentary 
formations the schistose rocks show cataclasis, brecciation, 
mylonitization and granulation. The effect of granulation is 
reduction in grain size. Relict quartz occurs as large, 
porphyroclasta with unduloae extinction surrounded by finely 
crystalline matrix. With increasing deformation quartz 
porphyroclasta become rounded, small and fine grained. 
Mineralogical changes brought about in the schists near their 
contact with the basic sills marking the thrust contact 
between them and the underlying sedimentaries, include the 
introduction of amphibolea and calcic plagioclaaes along the 
foliation planes. Other changes in the zone of cataclasis 
and mylonitization include conversion of biotite and 
muscovite into lenticular aggregates of fine grained parallel 
flakes. Away from the contact, the schist are fine to medium 
(28) 
grained and well foliated. Parallel to aubparallel flakoR of 
mica define the foliation of schist. Bands of granular 
quartz associated with subordinate plagioclase and orthoclase 
are separated by micas flakes. The granular minerals include 
euhedral pink almandine garnet which is typical of the 
schists. The common accessory minerals of the schist are 
tourmaline, apatite, zircon and opaques. 
PETROGRAPHY OF TIIF GNEISSES 
The high grade gneisses of Askote Crystallines are hosts 
to the sulphide zone along the Gurji Gad. The rocks are 
coarse grained, compact and leucucratic, exhibiting surreitic 
and augen (Opthalmitic) structure (Pi 1, fig 3). The 
gneisses are composed of irregular elongated grains of 
qu.irtz, intnrlockod with munnnvitr, biotitn niid 
porphyroblasts of potash feldspar and sodic plagioclase. 
Subparallel arrangement of biotite and muscovite define 
gneissosity (Pi 1, fig 4). The feldspars exhil>it perthitic 
intergrowths, vein (Pi 1, fig 5) and patch perthite (Pi 1, 
fig 6) being the moRt common. Poiki loblaptt H of potash 
feldspars with inclusions of quartz, biotite and muscovite 
are also noticeable (Pi 2, fig 1). 
Two types of quartz can be distinguished. Most quartz 
occurs as equidimensional, anhedral to subhedral grains and 
(29) 
PLATE 2 
EXPLANATION OF FIGURES 
Fig 1. Poikiloblast of k-feldspar constituting the metasome 
with inclusions of quartz, biotite and Muscovite. 
(+Nic, 75X). 
Fig 2. Large feldspar crystal constituting the paleosome is 
seen replaced along grain boundaries by secondary 
quartz. (+Nic, 75X). 
Fig 3. Alteration of plagioclaHo into Horicito along 
cleavages and grain boundaries. (+Nic, 75X). 
Fig 4. Secondary biotite (horizontal flakes) showing a cross 
cutting relationship with rock foliation. (7r)X). 
Fig 5. Pleochroic haloes in biotite (hydroLliertna 1 ) formed 
around tiny inclusions of radioactive zircon. (185X). 
Fig 6. Epidote replacing sulfides along fractures arid grain 
boundaries. (185X). 
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polycrystalline aggregates. It is seen replacing potash 
feldspar and plagioclase along fractures, grain boundaries 
and twin planes. This quartz is interpreted to be of 
metasornatic origin, having been introduced during the 
rnetasomatic granitization of the Crystallines (Farooq, 1985). 
Minor quartz occurs as somewhat elongated, euhedral to 
subhedral grains. This is frequently replaced by metasornatic 
quartz as a result of which its boundaries are often embayed. 
This quartz appears to be of metamorphic origin, having been 
recrystallized during regional metamorphism of the 
Crystallines. Such quartz often occurs as aggregated masses 
between feldspar porphyroblasts. The proportion of 
rnetasomatic in relation to metamorphic quartz increases with 
increasing granitization of the Crystallines towards the core 
of the Aakote synform. 
Feldspar occurs as very coarse (>1 cm) porphyroblasts. 
Ilypidiomorphic crystals of potash feldspars have grown by 
pushing aside biotito and muscovite ClnkoH and other 
minerals. Porphyroblasts appear to have grown within Lhe 
earlier fabric pushing aside the adjoining minerals. Such a 
process of mineral growth is termed b]nHt:eais (Mehnert, 
1968). Poikiloblasts of potash feldspars exhibiting 
perthitic intergrowtha and containing inclusions of quartz 
biotite and muscovite are frequently encountered. 
(30) 
PJagioclase feldspars occur as larcjo cryBtalB containing 
numerous inclusions. These vary in composition from albite 
to labradorite. The included minerals have irregular and 
embayed boundaries. 
Porphyroblaats of potash feldspars, relatively free of 
inclusions are believed to constitute the paleosome while the 
poikiloblasts with their numerous inclusions and perthitic 
intergrowths form the metasoroe. 
Biotite and muscovite generally occur as lamellar flaky 
aggregates of medium sized crystals with subparallel 
orientation. Both the minerals occur in profusion around 
grain boundaries of potash feldspar porphyroblasts. These 
biotite and muscovite flakes, apparently constituting the 
paleosome, have been pvished out by the growing feldspar 
porphyroblasts. Consequently biotite and muscovite are 
enriched at the boundaries of felspar |-)orpV)yrohl .iRtM and wrap 
around them. This is obvious even in hand specimen. Tiny 
aggregates of biotite and muscovite are found as inclusions 
in the feldspar porphyroblasts. 
(31) 
Wallrock Alteration 
The gneissose rocks of Askote Crystallines which are 
hosts to sulfide mineralization along the Giarji Gad have been 
altered in the vicinity of the sulfide zone. The petrography 
of the schistose rocks at Barigaon and wallrock alteration 
therein has been described by Farooq (1985), Bhattacharyya 
(1976), and Ghose (1976). The present study of wallrock 
alteration in the gneissose rock is made on the basis of 
examination of thin sections and field observationH. 
ALTERATION ZONING 
Wallrock alteration as a result of hydrothermal activity 
is evident in the vicinity of sulfide zone in the gneissose 
rocks of Askote Crystallines. Alteration manifeatR itself in 
the form of argillic alteration in the inner zone followed by. 
sericitization in the intermediate, and some si 1icification / 
feldspathization in the outer zone. 
Although it is very difficult to demarcat:e any clear cut 
boundaries, alteration of the host rocks appears to occur in 
irregularly concentric zones around the sulfide zone. The 
(32) 
reaRons for thiR being the high chemical foni Rt .ince cjf the 
rocks to alteration and relatively few fracturcR, i-eRt:ricting 
and localizing the access of the hydrothermal fluids. 
Nevertheless, alteration can be differentiated on the baaiR 
of pre-existing silicate replacement and mineral 
associations. The effects of hydrothermal activity include 
alterationB of mineraln conpititutlng l:he hoHt; rorrkn an well 
as an introduction of certain new ones. The common hypogene 
alteration products include quartz, feldspars, biotite, 
sericite, epidote, chlorite, actinolite, tremolite etc. The 
study of wallrock alteration in gneiasose rocks showR that 
sericitization is the dominant type of alteration having 
affected mainly the feldspars which are the most Rusceptible 
minerals to this kind of alteration. Si 1icification / 
feldspathization is generally encountered throughout the zone 
of alteration. Argillic alteration is recognizable by a 
decrease of sericitization in the gneisseH towards t.he 
sulfide zone. Near the sulphide zone alteration is most 
intense. 
In the freah country rock, quartz occurs as 
equidiraensional, euhedral grains. In the zone of alteration 
it IH replaced by hydrothermal quartz along grain boundarifjM 
and fractures. Hydrothermal quartz is diffused containing 
tiny inclusions of other minerals. Metamorphic quartz occurs 
as isolated Crystalline masses surrounded by secondary quartz 
(33) 
by which it ia replaced. Secondary quartz a 1 HO t'eplacea 
feldspars of the host rocks (Pi 2, fig 2). In the zone of 
silicification / feldspathization some quartz appears to have 
been derived from the breakdown of feldspars. 
Sericite occurs as aggregates of tiny crystals and 
scattered flakes. The mineral occurs as an alteration 
product of felspars, particularly along cleavage planes of 
plagioclaaea (Pi 2, fig 3). Sericite is found as inclusions 
in quartz, and also in biotite where it may have originated 
due to the alteration of this mineral. 
Lamellar, scaly and fibrous aggregates of chlorite 
occurs chiefly as an alteration product of ferromagnesian 
minerals viz., biotite, as also amphiboles which have been 
locally introduced into the gneisses from the basic sills 
occurring at the contact of the Crystallines with the 
underlying sedimentaries. Such chlorite occurs in intimate 
association with the altered mineral. The penninite variety 
occurs as irregular rims around a central relict of the 
unaltered mineral. The lamellar prochlorite variety 
frequently occurs as a product of partial alteration of 
hornblende and contains tiny inclusions of epidote and 
radioactive zircon. Some chlorite has also been introduced 
into the rocks along foliation by the hydrothermal fluids. 
(34) 
Ilydrotherraal biotite occurs general ly as tabular and 
lamellar aggregates. The mineral is emplaced in the country 
rocks along foliation planes. Thin biotite in interpreted to 
be hydrotherraal since it appears to have a cross cutting 
relationship with rock foliation in a manner similar to the 
secondary sulfides (Pi 2, fig 4). Some hydrothermal biotite 
is present as inclusions in potash feldspars, and 
particularly along cleavage planes of plagioclases. 
Consequently secondary biotite is developed as an envelop on 
quartz and feldspars. Minor amounts of golden-yellow to 
golden-brown phlogopite occur as tabular and short prismatic 
crystals introduced along foliation and fractures. The 
mineral is highly pleochroic and of hydrothermal origin 
containing inclusion of sericite, epidote and other minerals. 
Both biotite and phlogopite contain tiny inclusions of 
radioactive zircon, also of hydrothermal origin, that have 
produced pleochroic haloes in the hosts (Pi 2, fig 5). 
Epidote is frequently enriched in the vicinity of the 
sulfide zone. The mineral appears to be of hydrothermal 
origin and occurs as minute granular aggregates and elongated 
crystals concentrated mostly along the foliation of the 
altered gneisses producing diffused patches. It therefore 
appears to have been introduced in the country rocks along 
fractures and foliation planes as a result of calcium 
metasomatism. Some epidote is also found embedded in 
(35) 
chlorite. The mineral is also seen replacing the secondary 
sulfides (Pi 2, fig 6). 
Both potash feldspars and plagioclases of hydrothermal 
origin have been introduced in the country rocks along 
foliation planes. Hydrothermal feldspars are more abundant 
in the zone of silicification. These feldspars occur as 
poikiloblasts containing inclusions of quartz and micaceous 
minerals. Plagioclases varying in composition from albite to 
labradorite are more abundant than potash feldspars which are 
invariably orthoclase. 
Actinolite and tremolite occur as hydrothermal minerals 
introduced in the altered gneissose rocks. They are 
generally found in the form of long prismatic crystals and 
columnar to fibrous aggregates. These minerals are 
introduced in the country rocks along foliation. Apart from 
enclosing replacement relicts of minerals constituting the 
host rocks, tremolite contains inclusions of epidote. It 
replaces the sulfides along grain boundaries and fractures. 
Actinolite contains inclusions of tiny radioactive mineral 
that have produced pleochroic haloes. 
Apatite occurs as euhedral prismatic cryatals emplacod 
along rock foliation. The mineral exhibits a preferred 
affinity for biotite with which it: i R int-.i matro 1 y asRoniatod 
(36) 
in the zone of sericitization. It replaces earlier sulfides 
and other rock forming minerals of metamorphic origin. 
Hydrothermally formed zircon has been introduced in the 
country rocks. It usually occurs as minute short prismatic 
crystals closely associated with, and as inclusions in 
biotite and actinolite. Hydrothermal zircon is strongly 
radioactive as can be evidenced from the lattice destruction 
of minerals, particularly the micaceous ones, in which it 
occurs as inclusions (Pi 2, fig 5). 
(37) 
Sulfide Mineralization 
Sulfide mineralization along Gurji Gad at Barigaon near 
Askote ia controlled by the regional structural patterns of 
the Crystallines. Emplacement of the sulfides is along 
foliation, and the mineralized zone is elongated in the 
direction of the major fold axis F3, roughly trending WNW-
ESE. Surface indication of mineralization occurs in the form 
of yellow limonitic stains as well as greenish ones of 
azurite. The width of surface indications, traceable over a 
strike length of 700 mts along the Gurji Gad, rarely exceeds 
12 mts. In places, the sulfide zone is exposed on the 
surface. 
Sulfide minerals occurs primarily as disseminations. 
The mineralization, as evident from petrographic studies, has 
been brought about in two distinct phases from apparently the 
same parent solutions, separated by a period of slow 
deposition or discontinuity. 
(38) 
MINERALOGY & TEXTURE OF HYPOGENE SULFIDES 
Mineralogical and textural studies of the sulfide 
minerals are based on microscopic studies of polished 
sections under reflected light. Replacement is the dominant 
process in the formation of hypogene minerals, having 
affected both the host rock as well as earlier formed ore and 
gangue minerals. Vein replacement of hard minerals such as 
arsenopyrite by later formed quartz is seen. Due to their 
brittleness the hard minerals are shattered by small 
movements, in all likelihood contemporaneous with 
mineralisation, since they are commonly found to be invaded 
by younger minerals along fractures (Pi 3, fig 1). 
Replacement of early arsenopyrite by early sphalerite and 
galena (Pi 3, fig 2) is also an ovidonce of this. Hard 
mineral are also found in the form of well developed 
crystals. 
ARSENOPYRITE: 
Arsenopyrite is found as one of the most abundant 
sulfide minerals and occurs as isolated crystals, intergrown 
with sphalerite, galena, chalcopyrite and other gangue 
minerals. Two generations of arsenopyrite are noticeable. 
First generation arsenopyrite, shattered by small movement 
contemporaneous with mineralisation, shows aggregates of 
(39) 
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PLATE 3 
EXPLANATION OF FIGURES 
Fig 1. First intra-mineral fracturing evident in early 
arsenopyrite (white) characterized by replacement oE 
this mineral along fractures by later quartz and other 
sulfide minerals. (185X). 
Fig 2. Fractured early araenopyrito (white) being replaced by 
early galena (dull white). Dark is gangue mineral. 
(185X). 
Fig 3. Cataclastic texture in arsenopyrite formed due to 
fracturing. (185X). 
Fig 4. Blebs of first generation sphalerite (light grey, top 
right) adjacent to chalcopyrite (white) completely 
enclosed in second generation sphalerite (medium 
grey) showing replacement phenomenon. Dark is gangue. 
(750X). 
Fig 5. Vein replacement of early arsenopyrite by sphalerite 
(grey), progresses along fractures. (185X). 
PLATE 3 
fine grains of gangue filling interstices and forming borders 
around large crystals. This is replaced by sphalerite, 
galena and chalcopyrite of first generation along fractures 
and grain boundaries. Growth twining with or without 
irregular boundaries are very commonly observed. Cataclaatic 
(mortar) textures are observed in arsenopyrite due to its 
brittleness (Pi 3, fig 3). On the basis of replacement along 
fractures by younger sulfide mineral, it appears to be the 
earliest of all sulfides and its paragenetic position may be 
confidently assigned. 
Second generation arsenopyrite occurs as euhedral to 
subhedral crystals with a characteristic rhomb shape. Second 
generation arsenopyrite replaces second generation 
sphalerite, galena, and chalcopyrite along grain boundaries 
and fractures. It also replaces cubanite, suggesting thereby 
tliat the deposition of second generation araenopy i-i te ceased 
later than cubanite. 
SPHALERITE : 
Two generation of sphalerite have been observed. There 
is a difference in colour between first and sncond generation 
sphalerite, which may be explained best by the cogent 
assiunption that there was a change in the nature of zinc 
containing solutions during the period of deposition. First 
(40) 
generation sphalerite occurs as subhedral to anhedrai masses 
and is found in minor amounts. This is replaced by early 
chalcopyrite, and sphalerite of second generation (Pi 3, fig 
4) . 
Second generation sphalerite occurs as irregular masses 
intergrown with galena, chalcopyrite and arsenopyrite. It is 
replaced by minor amounts of later formed chalcopyrite and 
arsenopyrite. Replacement relationship of sphalerite with 
chalcopyrite exhibits shredded texture. Replacement of 
arsenopyrite of first generation along fractures by second 
generation sphalerite is common and shows vein replacement 
(Pi 3, fig 5). Peripheral replacement of second generation 
sphalerite by second generation galena (Pi 4, fig 1) and 
arsenopyrite along grain boundaries are common. 
First generation sphalerite is appreciably lighter in 
colour than the second generation. Such a darkening in 
colour is attributed to an increase in t;he ai(iour\l. of iron 
content of sphalerite, which is also temperature dependent. 
Sphalerites formed at higher temperatures are known to 
contain higher proportions of iron (Scott and Barnes, 1971). 
The colour difference between early and later formed 
sphalerite would suggest that there was an appreciable 
increase in iron content, and hence the tempej-ature of the 
mineralizing solutions with time. 
(41) 
PLATE 4 
EXPLANATION OF FIGURES 
Fig.l. Peripheral replacement of aecond generation Rphalerite 
(grey) by second generation galena (white). Galena is 
being transformed into cerussite (dark grey) along 
grain boundaries. (250X). 
Fig.2. Island of first generation galena (white) in second 
generation sphalerite (grey). Galena also being 
transformed into cerussite along grain boundaries. 
(75X). 
Fig.3. Second generation sphalerite (grey) is being replaced 
by Becond generation galena (white) along CraoLvireH 
and grain boundaries. Transformation of galena to 
cerussite along cleavages is also evident. (185X). 
Fig. 4. Exsolution lamellae of cubanite in second generation 
chalcopyrite (white). Cubanite and chalcopyrite are 
partly transformed limonite and azurite. (75X). 
Fig.5. Blebs of covellite (medium grey) being replaced by 
chalcocite (white). Chalcocite is being transformed 
along fractures and grain boundaries into limonite 
(light grey), which shows fine to course cellular 
structures. (185X). 
PLATE 4 
GALENA ! 
Galena occurs as subhedral to anhedral crystalline 
masses characterized by cleavage visible as triangular pits 
in polished sections. Introduction of first generation 
galena as veins cutting first generation arsenopyrite is an 
indicator of its paragonotic position. Incluaionn of galena 
in second generation araenopyrito exhibit replacement 
phenomenon. Islands of first generation galena in second 
generation sphalerite are frequently observed (Pi 4, fig 2). 
Second generation galena penetrates sphalerite of second 
generation along fractures and grain boundaries (Pi 4, fig 
3). Second generation galena is replaced by second 
generation arsenopyrite. 
CHALCOPYRITE : 
Chalcopyrite occurs as subhedral crystals and fine to 
medium grained aggregates. Two generations of chalcopyrite 
are observed. Inclusions of first: generation chalcopyrite 
are abundant in second generation sphalerite. These vary 
from microscopic specks to blebs, which aro scattered at 
random. These features are attributed to the effects of 
replacement. First generation chalcopyrite invades 
arsenopyrite, galena, and sphalerite of first generation, 
(42) 
w 
replacing these mineralR along fracturcB and grain 
boundaries. It is in turn replaced by early cubanite. The 
first generation chalcopyrite shows only pressure twins 
whereas the second generation exhibits both pressure and 
inversion twins. Pressure twins are mostJy lamellar, the 
lamellae being oriented almost parallel to each other and 
relatively uniform in thickness with a certain amount of 
bending and kinking. 
Second generation chalcopyrite is one of the most 
abundant sulfide minerals and replaces almost all the other 
sulfides. It ia frequently associated with galena and 
sphalerite with which it forms interfingering textures and 
replaces them along grain boundaries and veins cutting these 
and earlier minerals. Second generation chalcopyrite 
replaces second generation cubanite along grain boundaries 
and cleavage planes and also occurs simulbanoous1y with it. 
Cubanite also occurs as exsolution lamellae in second 
generation chalcopyrite (Pi 4, fig 4). The Inniellae are 
oriented parallel to the crystallographio direchion (111). 
Inversion twins in second generation chalcopyrite, which are 
more abundant than pressure twins, are spindle shaped and are 
an indication of cooling of formerly high temperature 
chalcopyrite. 
(43) 
CUDANITE : 
laociation with 
s 
Occurrence of cubauite la intimate as 
chalcopyrite as subhedral to anhedral crystals i 
conspicuous. TWO generations of cubanite have been observed. 
First generation cubanite is found in ininor amounts and 
shows interfingering textures with chalcopyrite and 
pyrrhotite. Replacement of chalcopyrite of first generation 
along grain boundaries by early cubanite suggests that 
the mineral was deposited later than chalcopyrite. First 
generation cubanite shows strong anisotropy. 
Crystallographic intergrowths of second generation 
cubanite in second generation chalcopyrite indicate that 
second generation cubanite has largely exsolved from second 
generation chalcopyrite and hence deposited simultaneously 
with the host. The individual lamellae have various 
thicknesses. At high temperature (450'" C) cubanite is 
Holuble in all proportions in chalcopyrite (Fdwardn, 1965), 
but at lower temperature (225° C) such dissolved cubanite 
exsolves as lamellae. Second generation cubanite also occurs 
as eutectoid intergrowths with chalcopyrite. 
(44) 
MINOR SULFIDE PHASES 
pyrrhotite occurs as granular masses of subhedral to 
anhedral grains. It is replaced by early chalcopyrite in 
w 
hich it iB found an incluaion«. Somo pyrrhotite appnarH t:o 
have exsolved from first generation chaJcopyrite. chalcocito 
occurs as irregular masses and anhedral crystals replacing 
second generation chalcopyrite along grain boundaries. 
Covellite occurs as anhedral masses, being replaced by 
chalcocite along grain boundaries (Pi 4, fig 5). 
MINERALOGY & TEXTURE OF SECONDARY MINERAL 
Transformation plays a vital role in the zone of 
oxidation. The effects of oxidation on sulfide mineral are 
profound. Structures and texture of primary minerals are 
largely obliterated. Minerals like chalcopyrite are leached 
and transformed into their characteristic limoniten as now 
compounds. Cavities formed by oxidation and annihilation of 
chalcopyrite are filled with the copper carbonates intergrown 
with a mass of different kinds of limonites and some 
sulfides, residual limonite remains in the cavity and assumes 
a honey-comb boxwork pattern. 
(45) 
LIMONITE : 
Limonite derived from arsenopyrite is transported i.e., 
the oxidation product has been dissolved, transported and 
precipitated elsewhere, usually leaving a stain fringing the 
cavity left behind by the sulfide. Peripheral transformation 
of arsenopyrite has resulted in a fringing limonite 
surrounding empty cavities bordered by a bleached zonc^. 
Transformation of chalcopyrite under conditions of oxidation 
has given rise to indigenous limonites i.e., those that have 
become fixed as insoluble oxides at the site of former 
sulfides. Indigenous limonites constitute oxidation products 
in the insoluble ferric state whereas the transported ones, 
those in the soluble ferrous state. The oxidation of the 
ferrous to ferric state is retarded by the presence of 
sulfuric acid and accelerated by the presence of copper 
(Jensen, 1981). It may hence be expected that pyrite would 
form transported limonites whereas chalcopyrite would give 
rise to indigenous ones. Indigenous limonite resulting from 
the transformation of chalcopyrite occurs in the form of 
granular masses and coarse cellular boxworks sliowing distinct 
cell walls. Such limonite also occurs as rims around highly 
decayed relicts of chalcopyrite (Pi 5, fig 1) and veinlets 
criHS-crosBing chalcopyrite grainn wlioncr: t: raii.n Toi mal: i on h.iH 
taken place along intra-mineral fractures. 
(46) 
PLATE 5 
EXPLANATION OF FIGURES 
Fig 1. Transformation of chalcopyrite (white) is evident 
along grain boundaries and fractures, producing 
cellular boxworks of indigenous limonite (medium grey) 
and azurite (light grey) in the form of various 
patterns of rims around chalcopyrite. (185X). 
Fig 2. Regular boxwork structure of cerussite (dark grey) 
derived from transformation of galena along grain 
boundaries, fractures and cleavage planes. (185X). 
Fig 3. Exsolution lamellae of cubanite in chalcopyrite 
completely transformed into azurite (parallel wisps). 
Chalcopyrite has survived complete transformation. 
(185X) . 
Fig 4. Zonal precipitates of cuprite as thin bands (white) 
around limonite mass (grey), derived from 
transformation of chalcopyrite (large white crystal). 
(105X) . 
PLATE 5 
r 
• * i -
f 
CERUS8ITE t 
Ceruaaite ia normally formed under oxidizing conditiona, 
most often as a weathering product of galena. Regular 
boxwork and zonal atructurea of ceruaaite around relicts of 
galena are interpreted aa products of tranaformation (Pi 5, 
fig 2). Some cerussite also occurs aa veinleta and masses of 
fine to medium size. It ia frequently encountered in the 
vicinity of grain boundaries of galena. The veinleta of 
ceruaaite are developed along cleavage pita and fractures in 
galena. Deapite, in caaea, the total destruction of galena, 
its cleavages are often preserved as a relict texture in 
ceruaaite. 
SMITHSONITE : 
Oxidation and tranaf ormation of Bphalerlt:n progresses 
along grain boundaries and fractures. Since zinc sulfate, 
the oxidation product of sphalerite, is extremely soluble, 
cavities with tiny relicts of sphalerite are frequently 
encountered. In places, where the soluble zinc sulfate has 
reacted with carbonates, appreciable quantities of 
smithsonite have been precipitated. It occurs in association 
with limonite as crypto-crystalline masses, thin wisps and 
films in the vicinity of cavities left behind by sphalerite. 
(47) 
AZURITE : 
Azurite is present as short columnar to fibrous 
crystals, granular masses and druses of fine crystals. The 
mineral ia an alteration product of both chalcopyrite and 
cubanite which are intimately intergrown with each other. 
Azurite occurs more often as a transformation product of 
cubanite rather than that of chalcopyrite. Consequently more 
azurite was produced by the oxidation of cubanite than by 
that of chalcopyrite. In cubanite-chalcopyrite intergrowths, 
the cubanite lamellae are almost entirely altered to azurite 
while the chalcopyrite has survived complete oxidation (Pi 5, 
fig 3). Alteration of cubanite progresses uniformly along 
the lamellae whereas that of chalcopyrite along fractures and 
grain boundaries. 
CUPRITE : 
Cuprite ia intimately intergrown with limonite. It is 
present as zonal precipitates, thin needles ar^ d skeletal 
forma in limonite masses, and appears to have formed from 
limonite and azurite derived from chalcopyrite (Pi 5, fig 4). 
(48) 
PARAGENESIS 
Hydrothermal activity along the Gurji Gad was 
contemporaneous with a number of fracturing events as is 
obvious from the replacement of rock forming and early 
sulfide minerals by later ones along fractures. The first 
phase of deposition resulted in introduction of arsenopyrite. 
This followed the earliest, pre-mineralization fracturing of 
rocks providing channels for the introduction of mineralizing 
solutions. The first intramineral fracturing has been 
visualized by consideration of replacement relationships, in 
that, the first fracturing after deposition of arsenopyrite 
reactivated old channels resulting in profuse deposition of 
first generation sphalerite, galena and chalcopyrite. 
Replacement of first generation arsenopyrite by these mineral 
along fracture is evidence of this fracturing. The 
deposition of first generation sulfides was followed by a 
period of very slow hydrothermal activity. 
The deposition of second generation sulfide minerals 
appears to be triggered by another -- the socond intra-
mineral fracturing following which there was a reactivation 
of hydrothermal activity. The introduction of second 
generation sulfides are, in chronological order, sphalerite, 
galena, cubanite, chalcopyrite, arsenopyrite, covellite and 
chalcocite. During the second phase of deposition there was 
(49) 
a third intra-mineral fracturing preceding the introduction 
of second generation arsenopyrite and later minerals. 
Transformation of hypogene minerals into their 
corresponding oxidized products is preceded by a prominent 
post-mineralization fracturing affecting the hypogene 
minerals, thereby aiding their exposure to the atmosphere 
and/or circulating meteoric water. Transformations of 
primary sulfide minerals into secondary minerals along 
fractures are an evidence of this. The secondary minerals 
produced are, in order of abundance, limonito, ceruHalte, 
smithsonite, azurite and cuprite. All oxides appear to have 
formed simultaneously and no paragenetic seqiience is 
recognizable. However, cuprite appears to have formed from 
limonite and azurite derived from the oxidation of 
chalcopyrite and must consequently have formed later than 
other oxides. 
A generalized paragenetic sequence of minerals, worked 
out on the basis of textural studies is given in table I. 
(50) 
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GENERAL DISCUSSION: 
The rock units in the vicinity of Aakote are Precambrian 
granitic gneiaaea of high grade, aaaociated with medium to 
low grade schists. Trivedi et al (1984) worked out an age of 
1795 + 30 ray for these rocks by the Rb-Sr method of dating. 
Granitization ia shown to be an important proceaa in 
altering schists to gneisses, and perhaps in extreme cases, 
gneisses to granites. Mehnert (1968) pointed out that such 
metasomatic transformation could be possible at rather low 
temperatures aa compared with thoae due to anatectic melting. 
The occurrence of granitic rocks in the Himalaya have been 
the subject of much debate. Powar (1972) and Agrawal et al 
(1972) considered that the granitic rocks of Almora have 
formed aa a result of the introduction of a granitic molt 
into the metasediments. However, Gansser (1964) and Sarkar 
et al (1965) regard the Almora granites as a product of 
granitization and this view is supported by Ray (1972) and 
Das and Pande (1973). Karanth and Shah (1977) consider that 
the Almora granites have formed by the consolidation of 
(51) 
anatectic granitic melts which have also granitized the 
neighbouring rnetasedimenta, Similar views have been 
expressed for the granitic rocks of Darjeeling Himalaya by 
Banerjee et al (1980) . 
Petrographic studies of the Askote Crystallines 
indicated that they have been repeatedly subjected to 
raetamorphisra ranging in grade from the lowest green-schist 
facies to the amphibolite facies. In genera] the metamorphic 
grade increases towards the core of the synform and 
corresponds with an increase in the granitic character of the 
rocks. Mineralogical assemblages and textural 
characteristics of the rocks are indicative of a metasomatic 
granitization. Occurrence of pleosome and metasome, their 
textural relationships, and particularly the replacement 
relationships of quartz and k-feldspars support the fact that 
feldspathization of these rocks occurred mainly due to 
metasomatic replacement. 
Occurrence of broad irregularly shaped vein and patch 
perthite in which k-foJdoparH prndomi nat r, Hugg^rHln 
metasomatic albitization and indicates a relatively low 
temperature of formation (Mehnert, 1968). During the 
albitization of k-feldspars by Na-bearing solution, the 
rcleaHod tiilica aryHl,/i J J i zr<d an frnn <\unii.7 to form 
intergrowth with plagioclase. 
(52) 
The rock units of Askote Crystallines show evidence of 
an intimate involvement with orogenic movements affecting 
the Himalaya. As a result of this various planar and linear 
structures formed which can be recognized on megascopic to 
microscopic scales. First generation folds (Fx) developed as 
isoclinal and recumbent folds trending NW-SE. These are 
representative of the earliest orogenic movements. 
Schistosity (Si) marks the axial plane cloavages of these 
folds. Formation of second generation drag folds (Fa), also 
trending NW-SE, accompanied the southward thrusting of the 
Crystallines over the younger Sedimentaries. The shear 
cleavage (Sa) represents the axial plane cleavages of these 
folds. Thrusting of the Crystallines was accompanied by 
intense prograde metamorphism in the core regions of large 
scale folds and retrograde metamorphism along the thrust 
contact of these folds (- Nappes) with the underlying Derinag 
Quartzites. Continued deformation and compressive movement 
acting in a NNE-SSW direction resulted in a broad asymmetric 
synclinal folding of the Crystallines along a WNW-ESE axis, 
and development of Fa folds trending in IMiis dircft ion. Tho 
S3 foliation constitutes the axial plane cleavage of these 
folds. The WNW-ESE trending axis of the Crystallines was 
subsequently refolded giving it a double plunge . The 
consequent twisting of Lhe earlier folds i-enulLod in the 
development of widely spaced shear planes trending in a NNE-
(53) 
SSW direction. The fourth generation folds (F<i) are drag 
folds accompanying this shearing which also produced a strong 
shear cleavage (S^) trending in a NNE-SSW direction. 
SULFIDE MINERALIZATION: 
Based on petrographic studies, it is concluded that 
hydrothermal alteration and mineralization in the gneissose 
rocks was brought about in two distinct phases from 
apparently identical solutions. The first phase of 
deposition resulted in the introduction of arsenopyrite, 
sphalerite, galena and chalcopyrite. This period of rather 
slow deposition, is marked by a prominent fracturing, 
providing channels for the introduction of mineralizing 
solutions. First intra-mineral fracturing commenced after 
the deposition of first generation arsenopyrite, as is 
evident from its replacement along fractures by first 
generation sphalerite, galena and chalcopyrite. Second phase 
of deposition followed the second intra-mineral fracturing, 
resulting in the introduction of second generation 
sphalerite, galena, chalcopyrite and cubanite. Replacement 
of first generation sulfides by those of the second 
generation is evidence of this fracturing. Deposition of 
arsenopyrite, chalcocite and covellite of second generation 
followed the third intra-mineral fracturing. Both 
generations of chalcopyrite are twinned. Lamellar and 
(54) 
inversion twinning of first and second generation 
chalcopyrite respectively lead one to conclude that the 
second generation chalcopyrite formed at higher temperatures 
than the first generation, thus indicating that the 
temperature of hydrothermal fluids was at its peak sometime 
during the middle of the period of hydrothermal activity. 
Scott and Barnes (1971) suggested that the extent of 
substitution of iron for zinc increases as the temperature 
rises. Therefore light coloured sphalerite has a lower iron 
content. The dark coloured variety contains appreciable iron 
substituting for zinc at a high temperature. Consequently 
the darkening of the colour of second generation sphalerite 
also signifies an increase of the temperature of formation. 
Presence of cubanite as parallel lamellae oriented 
along the (111) directions of chalcopyrite are genetically 
significant. Such intergrowths are formed in high 
temperature deposits. If heated above 450° C, such cubanite 
enters into solid solution in chalcopyrite (Schwartz, 1927). 
At high temperature much FeS is soluble in chalcopyrite 
producing a cubic high temperature chalcopyrite or 
chalcopyrrhotite (Ramdohr, 1969). Upon cooling the mixed 
crystal separates as: chalcopyrite + cubanite and 
chalcopyrite + pyrrhotite. Ramdohr (1969) estimates the 
temperature of unmixing as ranging between 250-300" C. 
(55) 
Merwin and Lombard (1937) and Ramdohr (1969) suggested that a 
complete solid solution is possible between chalcopyrite and 
cubanite above 400° C. 
The truism that the mineralized zone along the Gurji Gad 
is elongated in the direction of major fold axnn (F;., ) of the 
Aakote Crystallines trending WNW-ESE, lends support to the 
view that epigenetic mineralization in controlled by thn 
regional structure of the host rocks, and is obviously 
yo\inger than this folding event. Ghose (1976) and 
Bhattacharyya (1976) suggest that the mineralization at 
Darigaon near Askote is ayntectonic with Fx folding. This 
contention obviously does not withstand the present 
observation since it would imply that the orebody should have 
been metamorphosed during the subsequent tectonic and 
raetamorphic events. 
OXIDATION OF SULFIDES: 
Immature topography of the area under i nvoRt i gat: ion 
leads one to speculate that erosion, rather than chemical 
decomposition would be more active. However, effects of 
decomposition and oxidation are abundant, although it may bo 
conceded tfiat the oxidized zone is poorly preserved. This is 
borne out by the coexistence of primary sulfides with 
secondary oxide minerals suggesting that the products of 
(56) 
oxidation are being washed away almost as fast as they are 
produced. 
Garrels and Christ (1965) suggest that under surface 
conditions, cerussite is stable in alkaline to slightly 
acidic (pll > 6.3) environment whereas anglesito is stable in 
moderately to strongly acidic environments. The presence of 
cerussite rather than anglesite as a product of oxidation of 
galena is hence indicative of a neutral to alkaline 
environment of weathering. 
GENESIS OF SULFIDES: 
Farooq (1985) suggests that the preservation of textures 
such as growth and inversion twins in the Barigaon sulfides, 
and the absence of any metamorphic effects of the Fx, Fa and 
F3 folding events on the sulfide minerals signify a post-
tectonic mineralization. Furthermore, shearing of the 
Barigaon orebody, resulting in its dislocation along the NNE-
SSW trending shear zones suggestR that whereas the 
hydrothermal activity followed the F3 folding, it preceded 
the shearing of Crystallines along NNE-SSW directed shear 
zones. 
Comparisons of the mineralogy of sulfides, their 
paragenetic relations, temperatures of formation, structural 
(57) 
control of mineralization, and lack of metatnorphic effects in 
the sulfide minerals from the Barigaon (Farooq, 1985) and 
Gurji Gad mineralized zones, reveal remarkable similarities 
which speak volumes in favour of the two zones being 
syngenetic. This view is also supported by the presence of 
pleochroic haloes around tiny inclusions of radioactive 
minerals in micaceous gangue minerals from both the Barigaon 
and Gurji mineralized zones. 
(58) 
Summary & Conclusions 
The Askote Crystallines consist of low to high grade 
metamorphic rocks occurring as an asymmetrical ayncline with 
a flat thrust to the south and a steep to vertical (locally 
overturned) northern border. The rocks of the Crystallines 
were thrusted southwards over the younger Berinag Formation 
of the Inner Sedimentary Belt of Garhwal Group. The low 
grade metamorphic rocks of the Crystallines constituting 
sericite-chlorite-quartz schists occur at the base, whereas 
the granitic gneisses and migmatites of high-grade lie higher 
up the Crystallines in an 'inverted' metamorphic sequence. 
Dating of the granitic gneisses by the Rb-Sr method yields an 
age of 1795 + 30 my. 
The rocks of the Crystallines were subjected to a number 
of orogenic events accompanied by repeated metainorphism and 
polyphase deformation. The earliest orogenic event led to 
the development of various folds (U'l) trending in a NW-aii 
direction and schistosity (Sa.) representing the axial plane 
cleavages of these folds. This folding event perhaps marks 
the onset of metamorphism of the pelitic sediments which are 
believed to constitute the original material. The second 
(59) 
ovfrnt: profjucinci t„he drncj foldR (Fa) Urfridirxj in NW-SR 
direction and shear cleavage (Sa) was accompanied by the 
southward thrusting of the Crystallines over the younger 
Sedimentaries. Such a thrusting of the Crystallines was 
accompanied by intense prograde metamorphism in the core 
region of the large scale folds and retrograd metamorphism 
along the thrust contact of these folds {- nappfs) with the 
underlying Berinag Quartzites. The third deformational event 
was marked by a sustained compressivo movement acting in a 
NNE-SSW direction resulting in the Crystallines being folded 
into a broad asymmetric syncline trending in a WNW-ESE 
direction. The major folds (Fa) and foliation (S3) forming 
the axial plane cleavage of these folds can be assigned to 
this event. The fourth event of deformation resulted in the 
partial twisting of the synformal axis which produced the 
widely spaced shear planes trending in a NNE-SSW direction 
with steep southeasterly dips. Minor drag folds (F4) and 
shear cleavage (S^) trending in NNE-SSW are a result of this 
shearing. 
Polymetallic epigenetic sulfide mineralization is 
evident along the Gurji Gad in the high grade gneisses of the 
Askote Crystallines. Emplacement of the orebody is along the 
foliation and the sulfide zone is elongated in the direction 
of major fold axes (F3) trending WNW-ESE. Hydrothermal 
(60) 
solutiong were responsible for alteration and sulfide 
mineralization in the gneiaeoBe rocks along the Gurji Gad. A 
narrow zone of wallrock alteration is recognizable in the 
form of argillization in the inner zone followed by 
sericitization in the intermediate and some silicification / 
feldspathization in the outer zone. This alteration is 
accompanied by the localization of epigenetic sulfide 
mineralization. The sulfide zone is characterized by a 
thorough replacement of the country rocks, resulting in the 
destruction of original textures and structuroR. During 
mineralization there were intermittent periods of intra-
mineral fracturing which are conspicuous in sulfide textures 
in the form of replacement by younger minerals along these 
fractures. 
Mineralisation was brought about in two distinct phases 
from apparently identical parent solutions. The first phase 
of deposition proceeded the earliest fracturing of rocks and 
resulted in the introduction of arsenopyrite, sphalerite, 
galena and chalcopyrite. This period of rather slow 
deposition is marked by a prominent intra-mineral fracturing 
providing a boost to the influx of mineral iziiiy solutions. 
This first intra-mineral fracturing took place after the 
deposition of first generation arsenopyrite, as is evident 
from replacement relationships along fractures of this 
mineral by other first generation sulfides. The second phase 
(61) 
of deposition followed a second prominent intra-mineral 
fracturing resulting in the introduction of second generation 
sphalerite, galena, chalcopyrite and cubanite. Deposition of 
arsenopyrite, chalcocite and covellite of second generation 
follow the third intra-mineral fracturing. The fourth and in 
fact the most clearly observable and prominent intra-mineral 
fracturing preceded the oxidabion and Urann formal, i on oT 
hypogene minerals. 
Since the iron content of Rphalorite is temperature 
dependent, it is inferred that the significant increase in 
the amount of iron content in sphalerite of the second 
generation as compared to that of the first generation is 
indicative of an increase in the temperature of mineralizing 
solutions towards the peak of hydrothermal activity. 
Inversion twins in second generation chalcopyrite lead to the 
conclusion that this mineral formed at high temperature (in 
excess of 500° C). The absence of inversion twins, and the 
presence only of lamellar twinn in fiiHt generation 
chalcopyrite indicate that thiH mineral formed at 
temperatures somewhat lower than those at which the second 
generation chalcopyrite formed. Exsolution intergrowths of 
cubanite in chalcopyrite are significant. Such intergrowth 
are reported from high-temperature deposits (above 450° C). 
(62 
The effect of oxlf.laLitjn on hypocjene Hnifide lulneralB liau 
been the production of aecondary minerals in the form of 
various • boxwork structures. Oxidation of chalcopyrite 
produnod indirjonouH limonito in i:hn form of varioun boxwoi-kn 
occurring in-situ. Under oxidizing conditions, limonite 
masses which have been derived from chalcopyrite produce 
cuprite, most of which occurs in limonitic masses present in 
thin vein-like forms and zonal precipitates in and around 
chalcopyrite. Limonite derived from arsenopyrite is 
transported, yielding limonitic stains in the vicinity of 
cavities left behind by the dissolution of arsenopyrite. 
Oxidation of sphalerite produces smithsonite (ZnCOa) along 
fractures. Azurite formed as a result of oxidation of 
cubanite and chalcopyrite. However, azurite is also abundant 
in limonitic masses which appear to have been derived from 
chalcopyrite. Cerussite occurs along cleavages and grain 
boundaries of galena as its oxidation product and shows a 
regular pattern of boxwork structure. The presence of 
cerussite rather than anglesite as a product of oxidation of 
galena is indicative of neutral to alkaline environment of 
weathering. 
Based on the nature of wallrock alteration, mineral 
assemblages of the altered and sulfide zones, and textural 
characteristic of the sulfides, it is interpreted that 
mineralization in gneissose rocks along the Gurji Gad is 
(63) 
hypothermal in nature, having formed at temperatures 
exceeding 500"-" C. These results, including the fact that the 
sulfide zone along the Gurji Gad ia controlled by the F3 fold 
axes, are similar to those obtained for the mineralized zone 
of Barigaon (Farooq, 1985). It is therefore inferred that 
the mineralization at Barigaon and the one along the Gurji 
Gad are oogenetic. 
(64 
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